Dr. Lingze Duan and Gregory E. Drubka
Department of Physics
University of Alabama in Huntsville, Huntsville, AL 35899 USA

3. Results (cont.)

1. Introduction

2. Method

The objective of this experiment is to try to reach a coupling efficiency of 1%
through a small pinhole, using an LED as a source.

This experiment used an LED with a glass ball lens and wavelength of 635 nm. The LED was mounted
on a circuit board which was then enclosed in a box with a hole for the LED to emit out. The LED was
aligned and placed at the focal length of an off-axis parabolic mirror with a focal length of 50.8 mm. An
off axis parabolic mirror with focal length of 25.4 mm was then aligned with first mirror. A 50um
pinhole was situated at the focal length of the second mirror and was adjusted until max coupling was
achieved.

There are two types of light to consider, coherent and incoherent. Coherent
light waves are in phase with each other while incoherent light waves are out of
phase with each other. An example of a coherent light source is a laser, and an
example of an incoherent light source is an LED. For this experiment, an LED
will be used as the light source. The reason this incoherent light source will be
used is due to the diffraction that will occur at the pinhole. If a coherent source
was used, like a laser, then there would be interference rings and the speckle
effect observed in the image after the pinhole. Both the interference rings and
speckling are due to interference between the coherent light waves as they
diffract through the pinhole. For these reasons, incoherent light was used for
this experiment.

Size vs Efficiency
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The second setup kept everything the same as the first experiment, except that the second mirror was
replaced with a 20x microscope objective. The microscope objective was then adjusted so that max
coupling was achieved through the pinhole.
The third setup was the same as the second, but the 20x objective was replaced with a 40x objective. The
microscope objective was then adjusted so that max coupling was achieved through the pinhole.
The fourth setup was the same as the third, except that the 50.8 mm focal length mirror was replaced with
the 25.4 mm focal length mirror.
A formula was found that gives the maximum coupling efficiency between an LED and an optical fiber.
Eq 1:

E(max) = Af
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Table 2: Coupling efficiency by the size of a square LED chip
The efficiencies were calculated using Eq. 1. For the experiment, the LED chip
had a side of 400 um. From the table, one can see that the coupling efficiency is
only around half of a percent. The table also shows that as the size of the chip
decreases, the coupling efficiency increases.

Where Af is the area of the fiber (or in our case the pinhole which is 50 um), N.A. is the numerical
aperture, As is the area of the source, and n0 is the refractive index of the material between the source and
the fiber or pinhole (in our case air).

4. Conclusions
3. Results
Figure 1: (a) Coherent and (b) incoherent images illustrating speckle effect (1)
There are disadvantages to using incoherent light. The major one being that
incoherent light is not able to be focused down to as small of a spot as coherent
light can be. This will make coupling through a very small pinhole difficult.

Power and Efficiency
Power Coupled Efficiency %
0.0300
0.21 uW
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0.0871
0.61 uW
20x Objective
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w/25.4 mm
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0.82 uW
mirror
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w/ 50.8 mm
1.10 uW
0.1571
mirror

Although there was some coupling through the 50 um pinhole, it did not meet
our hopes of at least 1%. The maximum efficiency achieved was 0.1571%.
Based on the findings from Table 2, the LED chip would need to have sides
between 200 um and 300 um in order for maximum of at least 1% efficiency to
be achieved. These calculations are only for the best case scenario, though.
The issue is how the size of the LED chip and the output power are correlated.
High power LEDs have larger chips than LEDs that emit less power. As has
been discussed, to achieve a higher coupling efficiency, a smaller chip is
needed. However, the LED now emits less power. There is a tradeoff between
the coupling efficiency and the power coupled. As LED technology improves,
efficiency will increase. LEDs will not only become smaller, but they will also
output more power at that small size.

Table 1: Power coupled and efficiency of each setup
The efficiencies of the setups were calculated by dividing the power coupled by the total power measured
without the pinhole. The efficiency of the two mirrors setup was the lowest due to the focal spot being
the largest out of all of the setups. As the spot size decreased, the efficiency increased.

Acknowledgments
This research was funded by the RCEU program with funds provided by the
Presidents/Provosts office, the Vice President for Research, the Chemistry
Department through their patent account, and external funding from the
Alabama Space Grant Consortium

References

Setup 1: Two off-axis parabolic mirrors focusing the light
from the LED into a 50 um pinhole.

Setup 4: One parabolic
mirror and a 40x
microscope
objective
focusing the light from
the LED into a 50 um
pinhole.
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